: Fixation of chitosan on cellulosic fabrics with using a cross-linking reaction of polycarboxylic acid has been investigated. Cotton fabrics that was cross-linked with polycarboxylic acid such as citric acid (CA) and butanetetracarboxylic acid (BTCA) showed to have appreciable amount of free carboxylic acid residues on the fabric that came from the polycarboxylic acid without participating the cross-linking reaction. Chitosan could be fixed on the fabric with good fastness to acid washing by padding and following curing process.
Introduction
Polycarboxylic acids have been used successfully in durable press (DP) finishing of cotton fabrics in order to realize a smooth-drying appearance without ironing after laundering. Since Gagliardi and Shippee [1] first introduced the polycarboxylic acid class as non-formaldehyde cellulose crosslinking agents for DP cottons, the application of polycarboxylic acid has been developed for DP finishing of cotton fabrics [2.8] .
On the other hand, chitosan, whose applications have been widely studied in the medical field, is expected as one of textile finishing reagents because of its aggregation and antibacterial nature. Chitosan is one of the most interesting natural compounds in textile finishing process as well. Recently, several researchers have reported its application on cotton fabric [9] [10] [11] [12] .
Here, we consider the novel method for the fixation of chitosan on cellulosic fabrics by using of polycarboxylic acid. The aims of the fixation of chitosan on cellulosic fabrics are improvement of dyeability and assignment of an antibacterial property.
In the previous paper, we reported that UV The amount of chitosan fixed on the fabric was determined by the analytical procedure established by Tsuji using nitrous acid and 3-methyl-3. benzothiazolone hydrazone hydrochloride (MBTH) [ 17, 18] . This method is based on the colorant formation reaction between chitosan, NaNO2 and MBTH in the presence of FeC12. The amount of the colorant formed by the reaction, which is proportional to the amount of D-glucosamine unit in the sample, was determined spectrophotometerically at 653 nm.
Wrinkle recovery measurements
Conditioned wrinkle recovery angle of the cross-linked and chitosan treated fabric was evaluated as an warp and filling value by a Monsanto tester (ASTM D 1295-60T) under the condition of 25•Ž and 65% humidity.
2.2.4 FTIR spectroscopy IR spectra were recorded on Nicolet FTIR Protege 460 using KBr pellet technique and the attenuated total reflectance (ATR) technique on a germanium crystal cell with incident angle of 30°. 100 scans was carried out for each ATR measurement.
Results and Discussion
3.1 Amount of carboxylic group introduced on the cross-linked fabric The amount of carboxylic group introduced on the fabric by the cross-linking reaction with the polycarboxylic acids (CA and BTCA) was determined by NaOH titration and plotted in Figure 1 in owf (on the weight of fiber or fabric) scale against the amount of the polycarboxylic acids padded on the fabric. Figure  1 shows that remarkable amount of free carboxylic group can be determined on the cross-linked fabric with increasing the polycarboxylic acid introduced on the fabric. This indicates that sufficient amount of free carboxylic group that does not participate in the cross-linking reaction with the cotton substrates is left on the cotton substrate, which can be expected to be utilized as a fixing site for chitosan.
3.2 Fixation of chitosan on the cross-linked cotton fabric The amount of chitosan fixed on the cross-linked fabric was determined and plotted in 
